We present spectroscopic and photometric results for the Small Magellanic Cloud (SMC) cluster Bruck 88. From the comparison of the cluster integrated spectrum with template cluster spectra we found that the Milky Way globular cluster template spectra are the ones which best resemble it. However, the extracted cluster colour magnitude diagram reveals that Bruck 88 is a young cluster (log(t) = 8.1 ± 0.1). The derived cluster age is compatible with the presence of a Bright Red Giant (BRG) star located ∼ 2.6 arcsec in the sky from the cluster centre. We serendipitously observed HW 33, a star cluster located ≈ 3 arcmin to the south-east from Bruck 88. We obtained for the cluster the same age than Bruck 88 and surprisingly, a BRG star located within the cluster radius also appears to be compatible with the cluster age. We estimated the MK type of the BRG star in the Bruck 88 field to be in the range G9 II/Ib K1 III. By combining the spectrum of a star within this MK type range with a 100-150 Myr template cluster integrated spectrum, we found that a proportion 85/15 in the sense BRG/template results in a spectrum which best resembles that of Bruck 88. This result confirms that a BRG star dominates the cluster integrated spectrum, so that it causes the globular cluster appearance of its integrated light.
INTRODUCTION
The Small Magelllanic Cloud (SMC) has long been known as a galaxy in which a population of genuine old star clusters does not appear to exist. Up to date, the handful of oldest SMC star clusters consists in only four objects, namely: NGC 121 (10.6 Gyr, Dolphin et al. 2001 ), HW 42 (9.3 Gyr, Piatti 2011 K 3 (9.0 Gyr, Da Costa & Hatzidimitriou 1998); and NGC 361 (8.1 Gyr, Mighell, Sarajedini & French 1998) . The remaining small handful of relatively old clusters consists in 12 objects with ages around (6 ± 1) Gyr (Piatti et al. 2007b; .
During several years we carried out a spectroscopic campaign aiming at identifying old cluster candidates in the L/SMC from their integrated spectra. Our search was based on the comparison of the observed integrated continuum energy distribution of the selected targets with the integrated spectra library of Galactic globular clusters (GGCs) built by Bica & Alloin (1986a) . From this campaign two old globular LMC clusters have been identified (Dutra et al. 1999) , which E-mail: andres@oac.uncor.edu have been later confirmed as such (Mackey & Gilmore 2004) . Another old cluster candidate was identified in the SMC, Bruck 88, for which we devote here a detailed study. As far as we are aware, this cluster has not been previously studied in detail. However, its relative position in the outskirts of the galaxy makes it also a potential old cluster candidate (see Fig. 1 ).
The paper is organised as follows: The integrated spectroscopic data obtained for Bruck 88 is presented in Section 2; while the cluster fundamental parameters coming from its integrated spectrum are derived in Section 3. Section 4 and 5 deal with the photometric data and the astrophysical properties estimated for the cluster, respectively. In Section 6 we discuss the spectroscopic and photometric results, and summarize the conclusions in Section 7.
SPECTROSCOPIC DATA COLLECTION AND REDUCTION
The compact nature of the cluster -0. 45 We employed a CCD detector containing a Loral chip of 1200 × 800 pixels attached to the Cassegrain spectrograph, the size of each pixel being 15 µm × 15 µm; one pixel corresponds to 1.3 arcsec on the sky. The slit was set in the east-west direction and the observations were performed by scanning the slit across the objects in the north-south direction in order to get a proper sampling of cluster stars. The long slit corresponding to 7.6 arcmin on the sky, allowed us to sample regions of the background sky. We used a grating of 300 lines mm −1 , producing an average dispersion in the observed region of ≈ 192Å/mm (2.88Å/pixel). The spectral coverage was ∼ (3500-6800)Å. A slit width of 3.5 arcsec provided a resolution (FWHM) of ≈ 11.5Å, as deduced from the comparison lamp lines. Three exposures of 15 minutes were taken for the cluster. The standard stars LTT 7379, LTT 7987, LTT 9239, and EG 21 (Stone & Baldwin 1983) were observed for flux calibrations. Bias, dome and twilight sky flat fields were taken and employed for the instrumental signature calibrations.
The reduction of the spectra was carried out with the IRAF 1 package following the standard procedures. Summing up, we applied bias and flat field corrections, performed sky subtraction, extracted and wavelength calibrated the spectra, and The rms errors involved in these calibrations are on average 0.40Å. Finally, extinction correction and flux calibrations were applied to the cluster spectra and the three individual spectra combined.
SPECTROSCOPIC CLUSTER AGE AND METALLICITY
The cluster age was derived by comparing the observed spectrum to template spectra with well-determined properties, accomplished in various studies (e.g. Piatti et al. 2002a , and references therein) and made available through the CDS/Vizier catalogue database at http://vizier.ustrasbg.fr/cgi-bin/VizieR?-source=III/219 . We assigned a higher weight to the overall continuum than to absorption line equivalent widths, because the latter have similar equivalent widths for young and old clusters (Bica & Alloin 1986a,b) . Note that differences between cluster and template spectra are expected to be found due to variations in the stellar composition of the cluster, such as the presence of a relatively bright star with particular spectral features or contamination of a field star close to the direction towards the cluster.
Since the continuum distribution is also affected by reddening, we firstly adopted a cluster colour excess of E(B−V ) = (0.03 ± 0.01) mag taken from the NASA/IPAC Extragalactic Database 2 (NED).
We computed for Bruck 88 the value of the semi-major axis a parallel to the SMC main body that an ellipse would have if it were centred on the SMC centre (Crowl et al. 2001 , RA = 00h 52m 45s, Dec. = 72
• 49 43 (J2000) ), had a b/a ratio of 1/2 and one point of its trajectory coincided with the cluster position. We obtained a = 3.273
• . This value is larger than the mean semi-major axes of the four oldest SMC clusters (a = (2.97±0.99)
• ) which are predominantly placed in the galaxy outer regions.
From the matching procedure we found that the GGC template spectra G2 ([Fe/H] = -0.4 dex) and G3 ([Fe/H] = -1.0 dex) are the ones which best resemble the dereddened cluster integrated spectrum. They resulted in lower and upper envelopes of the cluster integrated spectrum for some spectral regions with metallic bands. Fig. 2 depicts both the observed and dereddened Bruck 88 integrated spectra, as well as the G2 and G3 template spectra. All the spectra have been normalised at λ = 5870Å and shifted by an arbitrary constant for comparison purposes. Santos & Piatti (2004, hereafter SP04) developed a method to estimate cluster ages from visible integrated spectra. They defined Sm and S h as the sums of the equivalent widths (EWs) of the metallic lines K(CaII), G band (CH) and MgI, and of the Balmer lines Hδ, Hγ and Hβ, respectively. As they shown, Sm and S h prove to be useful in the discrimination of old, intermediate-age, and young systems. Also, SP04 defined diagnostic diagrams (DDs) involving S h and Sm with a view to discriminating cluster ages for systems younger than 10 Gyr and metallicities for systems older than 10 Gyr.
We first defined the continuum in the spectrum of Bruck 88 according to the criteria outlined by Bica & Alloin (1986a) and then we measured EWs within their selected spectral windows, using IRAF task splot. The boundaries of the spectral windows and their principal absorbers are indicated in Bica & Alloin (1986a) . The resulting EW measurements (Å) are shown in Table 1 where the errors come from tracing slightly different continua. Then, by using the DDs we found that Sm and S h fall in the region of old clusters ([Fe/H] -1.4 dex). On the other hand, if we compared the individual EWs listed in Table 1 for Bruck 88 with those for the G2, G3 and Yf (see Sect. 6) templates, we would conclude from K(CaII), G band, Hβ and MgI that Bruck 88 is an old cluster, from Hδ and Hγ that it is an intermediateage cluster, and from H(CaII)+H that the cluster could either be old or young (∼ 100 Myr). The difference between K(caII) and H(CaII)+H feaures in old and young objects is a well-known behaviour studied by Rose (1984 Rose ( , 1985 . Nevertheless, the suggested age points to the need of a highquality cluster colour-magnitude diagram (CMD), where its Red Giant Branch (RGB), Red Clump (RC), Main Sequence Turnoff (MSTO) and fainter Main Sequence (MS) stars can be clearly distinguished.
SDSS g, i PHOTOMETRY
In order to confirm whether Bruck 88 belongs to the group of the oldest known clusters in the SMC, we built the cluscontract with the National Aeronautics and Space Administration.
ter CMD from g and i images obtained with the Gemini south telescope and the GMOS-S instrument (scale = 0.146 arcsec per (2×2 binned) pixel) in the night of January 5th, 2014. The detector is a 3×1 mosaic of 2K×4K EEV CCDs, yielding a field-of-view (FOV) of ∼ 5.5 ×5.5 . We obtained 4×(30 (short) + 280 (long)) sec exposures with the g and i filters, respectively, through program GS-2013B-60 (PI: Piatti). The data were obtained with an excellent seeing (0.48 to 0.70 FWHM), under photometric conditions, and with airmass between 1.41 up to 1.51.
The data reduction followed the procedures documented in the Gemini Observatory webpage 3 and utilised the gemini/gmos package in IRAF. We performed overscan, trimming, bias subtraction, flattened all data images, etc. Observations of photometric standard stars (E5 b and GD 108 standard fields) chosen from the standard star catalog calibrated directly in the SDSS system (Smith et al. 2014 , http://www-star.fnal.gov) were included in the baseline calibrations for GMOS. The relationships between instrumental and standard magnitudes, fitted with the fitparams IRAF routine, resulted to be: (2) where X represents the effective airmass.
Bruck 88 photometry was performed using the starfinding and point spread function (PSF) fitting routines in the daophot/allstar suite of programs (Stetson, Davis & Crabtree 1990 ). We derived a quadratically varying PSF per image by fitting ∼ 60 least contaminated stars. We then used the allstar program to apply the resulting PSF to the identified stellar objects Only objects with χ <2, photometric error less than 2σ above the mean error at a given magnitude, and |SHARP| < 0.5 were kept in each filter, and then the remaining objects in the g and i lists were matched with a tolerance of 1 pixel and raw photometry obtained. The gathered photometric information was standardised using equations (1) to (2). Table 2 provides this information: a running number per star, equatorial coordinates, the averaged g magnitudes and g − i colours, their respective rms errors σ(g) and σ(g − i), and the number of observations per star. Only a portion of it is shown here for guidance regarding its form and content. The whole content of Table  2 is available in the online version of the journal in Oxford journals, at http://access.oxfordjournals.org.
ANALYSIS OF THE COLOUR-MAGNITUDE DIAGRAM
In Fig. 3 we show the CMD of stars measured in the field of Bruck 88 with errors in g and g − i smaller than 0.1 mag. The behaviour of σ(g) and σ(g − i) is represented by error bars in the right-hand side of the figure. As can be seen, the most obvious traits are the long MS which extends over a range of approximately 8 mags in g, a populous Sub-Giant branch (SGB), a RC and a RGB. The RC is not tilted so that differential reddening can be assumed to be negligible along the line of sight.
In order to obtain a circular extracted CMD where the fiducial features of the cluster are clearly seen, we used the coordinates of the cluster centre and its radius given by Bica et al. (2008) . Fig. 4 shows the resulting extracted CMD with all the stars measured within the cluster circle, which reveals that Bruck 88 is a young cluster, although some contamination from field stars is unavoidable particularly at the fainter magnitude regime. This result is opposite to that found from the cluster integrated spectrum, and makes us to wonder about the origin from which a young (blue MS) cluster appears much older (redder) to its integrated light. We discard the possibility of field SGB-RC-RGB stars contamination in the cluster integrated spectrum, since the extracted CMD (see Fig. 4 ) was built from stars distributed throughout an area that covers a sky region similar to that surveyed from integrated spectroscopy. We rather think that we are dealing with a case of stochastic effects caused by the presence of a Bright Red Giant (BRG; g = 16.301±0.011, g − i = 1.120±0.011) star placed somewhere along the cluster line of sight. This BRG is ≈ 2.6 arcsec in the sky from the cluster centre.
In order to derive the cluster age through the matching of theoretical ischrones to its CMD, we assumed a distance modulus equal to that of the SMC ((m − M )o = 18.90±0.10 (60.0 Glatt, Grebel & Koch 2010) ), the present day galaxy metallicity (-0.7 dex Piatti & Geisler 2013) -given the apparent youth of the cluster -, and the reddening adopted in Sect. 3, E(B − V ) = 0.03 mag.
We took advantage of theoretical isochrones computed with core overshooting for the SDSS photometric system (Bressan et al. 2012 ) to estimate the cluster age. In the matching procedure with a naked eye, we adopted the cluster age as the age of the isochrone which best reproduced the cluster's MS (log(t) = 8.1 ± 0.1). We found that isochrones bracketing the derived mean age by ∆(log(t/yr)) = ±0.1 reasonably represent the overall age uncertainty. Note that the derived cluster age is compatible with the presence of the BRG star mentioned above within the cluster stellar population. Fig. 4 illustrates the result of the isochrone matching procedure.
We serendipitously observed HW 33 within the GMOS-S FOV, a star cluster located ≈ 3 arcmin (52.3 pc) to the south-east from Bruck 88. We followed the same procedure of extracting stars around the cluster centre and within the cluster radius and of building the cluster CMD. We obtained a cluster reddening of E(B −V ) = (0.03±0.01) mag from the NED. From the matching of theoretical isochrones ([Fe/H] = -0.7 dex) HW 33 turns out to be of the same age as Bruck 88 (log(t) = 8.1 ± 0.1, see Fig. 5 ) and surprisingly, a BRG star (g = 16.481±0.004, g − i = 1.058±0.004) located within the cluster radius, also appears to be compatible with the cluster age.
DISCUSSION
In this Sect. we describe a possible explanation aiming at making compatible the results coming from the photomet-ric data and our knowledge of the cluster from its integrated spectrum. We propose that the observed cluster integrated spectrum is the result of the combination of a template spectrum for a ∼ 100 Myr old cluster and the spectrum of a bright giant star. Furthermore, we support the possibility that the Bruck 88's integrated spectrum is dominated by the light of a bright giant star which mimics the integrated light of an old stellar aggregate. Indeed, when summing to the cluster integrated magnitude (computed from all stars in Fig. 4 with g > 17 mag) the magnitude of the BRG star, Bruck 88 becomes 1.6 and 4.0 times brighter in g and i, respectively. In order to confirm such a possibility, we first obtained the MK type of the aforementioned BRG star, then we selected a spectrum for that MK type from the stellar spectra library built by Jacoby, Hunter & Christian (1984) , and finally we combined it with a integrated template spectrum for a 100 Myr old cluster taken from Santos et al. (2002) .
For the MK type of the BRG star, we interpolated the Schmidt-Kaler (1982) 
We obtained MV = (-3.28 ± 0.20) mag and (B −V )o = (1.10 ± 0.02) mag, which lead to an MK type of G9/K0 II/Ib for the BRG star. If the RGB star were not located at the SMC distance but somewhere in front of it, then it should be mainly moved in the HR diagram along a vertical line from LC II towards LC III region, because of the low reddening along the line of sight (E(B − V ) = 0.03). In case it were a LC III star, its (B − V )o colour would correspond to a K1 MK type star (Schmidt-Kaler 1982) and its MV would be 0.6 mag, which corresponds to a distance of 10.2-10.5 kpc (see eq.
(1)), depending on whether the E(B − V ) is assumed to be 0.00 mag or 0.03 mag.
Bearing in mind the possible MK types of the BRG star, we selected spectra of stars with MK types in the range G9 II/I-K1 III, namely: SAO 55164 (K0 III), SAO 77849 (K2 III), HD 249384 (G8 II), HD 250368 (G9 II), HD 187299 (G5 I) and HD 186293 (K0 I) from the Jacoby, Hunter & Christian (1984)'s library. We normalised all spectra at λ = 5870Å in order to compare them to those from the cluster integrated spectra library. We found that all selected spectra are tightly similar to each other with small difference in some metalic bands. When individually combining them with the template cluster integrated spectrum Yf (100-150 Myr, Santos et al. 2002) , we found that a proportion 85/15 in the sense BRG/template (BRG + template = 100) results in a spectrum which best resembles that of Bruck 88. Figs. 6 and 7 illustrate the combination process and the resulting comparison with Bruck 88's integrated spectrum. On the other hand, EWs of some selected spectral features for these spectra combinations (see Table 1 ) seem to be more similar to those of Bruck 88 than of G2, G3 and Yf, respectively. This result confirms that a RGB star dominates the cluster integrated spectrum, so that it causes the globular cluster appearance of its integrated light (see Fig. 2 ).
SCOPE OF THE INTEGRATED SPECTROSCOPY
The misleading integrated spectrum of Bruck 88 drove us to investigate whether a similar situation might exist for other clusters in the literature. Furthermore, we took advantage of such a study to assess the level of accuracy and reliability of age estimates derived from the template matching technique applied in Sect. 3. We embarked in such an analysis by firstly searching the available literature for studies about star clusters based on integrated spectroscopy. Particularly, we focused on those works that made use of the template integrated spectra library employed here . We found a total of 230 clusters with published ages obtained from this technique. Table 3 lists the entire cluster sample along with the age estimates (log(age)spec) and the respective references. From Table 3 , we secondly searched the literature for cluster age estimates derived from the analysis of CMDs, which provide ages with uncertainties typically of σ(log(age)) ∼ 0.1 (see e.g. Piatti 2010; Maia, Piatti & Santos 2014; Piatti 2014). We found 198 clusters which fulfilled our request, and their age values and the corresponding references have also been included in Table 3 (log(age) cmd ). As far as we are aware, this cluster sample largely supersedes those previously used to set the performance of the integrated spectroscopy in estimating cluster ages from the comparison with ages derived from other methods (see e.g. Asa'd, Hanson & Ahumada 2013). We note that two objects have been recently classified as cluster remnants, while eleven other objects have been found not to be real physical systems from detailed CMD analyses. All of them have been labelled with the word 'remnant' or 'non cluster' in Table 3 . This flub from the integrated spectroscopy side comes from the fact that the technique is not able to size up whether it deals with the presence of a genuine star cluster, or with a chance grouping of stars or with the effect of a non-uniform distribution of the interstellar material along the line of sight.
The gathered information in Table 3 was then plotted in Fig. 8 , which depictes the relationship between both different age estimates. We have drawn the identity relation with a black line, and those shifted by ± 0.1, and ± 0.3 with dark gray and clear gray lines, respectively. Clusters whose age estimates differ (|log(age)spect-log(age) cmd |) in 0.1, between 0.1 and 0.3, 0.3 and 0.35, and more than 0.4 have been plotted with open, filled clear gray, dark gray, and black circles, respectively. Bruck 88 has been represented by a bigger open partially filled circle. As can be seen, the relationship is far from being reasonably tight but highly scattered. Indeed, Fig. 9 shows the distribution of clusters in terms of their age differences (absolute values) using the same coloured-gray scale as in Fig. 8 . The age differences larger than 0.4 (black filled squares) represent ∼ 55 per cent of the cluster sample. This result suggests that the integrated spectroscopy matching technique should be used with caution, since it particularly might misguide when applying it in studies of stellar population synthesis in galaxies (Ahumada, Clariá & Bica 2007; Palma et al. 2008b; Talavera et al. 2010; Asa'd, Hanson & Ahumada 2013; Minniti et al. 2014) . Fig. 8 also suggests that the cluster sample is not homogeneously distributed in age; a trend that is quantitatively confirmed by Fig. 10 . Thus, in order to produce a more realistic picture of the integrated spectroscopy performance, we computed the mean, the median, the standard deviation and the mean error of the median as a function of the cluster age. The mean error of the median is more representative of the actual dispersion of the age differences, since it takes into account the number of clusters used to compute the mean and median ages. Similarly, the median is more appropriate to consider in our analysis, because of the distribution of clusters in the |log(age)spect-log(age) cmd | versus log(age) cmd plane for each age interval is far from being a normal distribution. In general, the mean values of the age difference (absolute value) resulted much larger than the median ones, which would lead to draw less favourable conclusions for the integrated spectroscpocy template matching technique, if we used them for assessing its accuracy and realibility. For this reason, we show in Fig. 11 the behaviour of the resulting median values of the age difference and their respective mean errors. As can be seen, a mean discrepancy of ∼ 0.4 in log(age) dominates the integrated spectroscopy age estimates respect to the literature values. The differences are reasonably good (∼ 0.1-0.2) for a couple of age intervals. However, they come out from a relatively small statistical cluster sample and the respective mean errors are considerably large, except in the case of oldest clusters. Moreover, Fig. 11 shows that age intervals with 2-3 times more clusters (log(age) cmd ∼ 7.8-8.2) do not accont for age differences smaller than ∼ 0.3. Likewise, there are some age intervals with particularly much larger age differences (log(age) cmd ∼ 6.8-7.2, 8.6-8.8, and 9.2-9.6).
These results point to the need of entering some caveats in the use of the integrated spectroscopy matching technique to estimate cluster ages as it has been applied until the present. On the one hand, the integrated spectra library is constrained to certain age ranges, which implies that only ages associated to the available template spectra can be assigned to any integrated spectrum under study. In order to enlarge and improve the sample of template spectra, it is required to obtain integrated spectra of clusters with well-known fundamental parameters. However, several works that have used such a technique (see Table 3 ) mentioned that integrated spectra of clusters whose ages were estimated from the integrated spectra matching procedure were used to define new template spectra or to improve existing ones. This approach suffers from internal inconsistency and makes any attempt of enlarging the integrated spectra library to fall appart. On the other hand, integrated spectra are often affected at different levels by the contamination of field stars. This is an issue that unfortunately the integrated spectroscopy cannot handle, particularly in relatively crowded fields or in low-surface brightness objects. Finally, the presence of evolved or peculiar relatively bright stars within the cluster population can also lead to a disguised appearence of the cluster integrated light. For instance, we found that Pismis 7 and Ruprecht 107, among others, have red supergiant stars which make the clusters appear older than they are (see Table 3 ), similarly as it happens with the integrated spectrum of Bruck 88. We think that these aspects or a combination of them can explain the discrepancies shown in Fig. 11 . Nevertheless, we foresee that these kind of constraints will be partially solved with the advent of synthetic integrated spectra. It is a promising field to exploit that deserve much more development, although the assumption of a particular cluster composite stellar population to combine different synthetic spectra is unavoidable.
CONCLUSIONS
During several years we carried out a spectroscopic campaign aiming at identifying old cluster candidates in the L/SMC from their integrated spectra. From that campaign we identified Bruck 88, for which we present the following spectroscopic and photometric results: i) From the comparison of the cluster integrated spectrum with template cluster spectra, we found that the GGC template spectra G2 and G3 are the ones which best resemble the cluster integrated spectrum.
ii) However, the extracted cluster CMD where its fiducial features are clearly seen reveals that Bruck 88 is a young cluster (log(t) = 8.1 ± 0.1). Note that the derived cluster age is compatible with the presence of a BRG star located ∼ 2.6 arcsec away from the direction towards the cluster centre. This result is opposite to that found from the cluster integrated spectrum, and makes us to wonder about the origin from which a young cluster appears much older to its integrated light.
iii) We serendipitously observed HW 33 within the GMOS-S FOV, a star cluster located ≈ 3 arcmin (52.3 pc) to the south-east from Bruck 88. We obtained for the cluster the same E(B − V ) colour excess and age than Bruck 88 and surprisingly, a BRG star located within the cluster radius also appears to be compatible with the cluster age. iv) We estimated the MK type of the Bruck 88's BRG star to be in the range G9 II/Ib -K1 III. By combining the spectrum of a star within this MK type range with a 100-150 Myr template cluster integrated spectrum, we found that a proportion 85/15 in the sense BRG/template (BRG + template = 100) results in a spectrum which best resembles that of Bruck 88, independently of the BRG star LC. This result confirms that a BRG star dominates the cluster integrated spectrum, so that it causes the globular cluster appearance of its integrated light. of the Gemini partnership: the National Science Foundation (United States), the Science and Technology Facilities Council (United Kingdom), the National Research Council (Canada), CONICYT (Chile), the Australian Research Council (Australia), Ministério da Ciència, Tecnologia e Inovação (Brazil) and Ministerio de Ciencia, Tecnología e Innovación Productiva (Argentina). I thank the astronomers at CTIO who carried out the observations. This research has made use of the SIMBAD database, operated at CDS, Strasbourg, France, and draws upon data as distributed by the NOAO Science Archive. NOAO is operated by the Association of Universities for Research in Astronomy (AURA), Inc. under a cooperative agreement with the National Science Foundation. This work was partially supported by the Argentinian institutions CONICET and Agencia Nacional de Promoción Científica y Tecnológica (ANPCyT). I am grateful for the comments and suggestions raised by the anonymous referee which helped me to improve the manuscript. Table 2 . CCD gi data of stars in the field of Bruck 88. 
